Regulated exocytosis involves the
Ycam2 was targeted to the surface of large dense core secretory vesicles (LDCVs, also termed secretory granules) by fusion at the carboxyl terminus of the transmembrane LDCV protein, phogrin (phosphatase on the granule of insulinoma) [3] (Figure 1a ). The chimaeric protein was localised to LDCVs in PC12 (Figure 1b ) and MIN6-β ( Figure 1c ) cells as judged by comparison with the distribution of the cargo vesicle proteins, secretogranin II [4, 5] and insulin [6] , respectively. Overexpression of the cameleon had no significant effect on either basal or stimulated exocytosis (Figure 1d ). When examined independently in four single PC12 cells, untargeted Ycam2 revealed apparent resting values for [Ca 2+ ] c (as the ratio of fluorescence at 535 nm to 480 nm; R 535/480 value) of 1.75 ± 0.003 in the bulk cytosol, and 1.78 ± 0.02 in the region within ~1 µm of the plasma membrane. These values are comparable to ratios obtained in other cell types [2] and are consistent with a resting [Ca 2+ ] c of ~100 nM. In each of the four cells examined, a transient increase in [Ca 2+ ] c (seen as a decrease in fluorescent emission at 480 nm, and an increase at 535 nm) could be detected beneath discrete regions of the plasma membrane, and preceded a global [Ca 2+ ] c increase (Figure 3a) . Nevertheless, maximal R 535/480 increases achieved after ATP stimulation were essentially identical beneath the plasma membrane and in the bulk cytosol (10.6 ± 0.8% and 11.9 ± 0.34%, respectively; n = 4 cells).
Single secretory granules (diameter 200-500 nm) could readily be resolved within individual phogrin-Ycam2-expressing PC12 cells (Figure 3b ). Ratiometric imaging revealed both the position of individual granules and time-dependent changes in [Ca 2+ ] gd surrounding each granule. We distinguished between granules located close to the plasma membrane ('peripheral' granules) and granules located more remotely from the plasma membrane ('deep' granules). Detailed analysis of granules in two separate cells gave apparent resting [Ca 2+ ] gd values that were slightly lower than [Ca 2+ ] c for peripheral granules (R 535/480 = 1.65 ± 0.03, n = 10 granules; p = 0.007 compared with R 535/480 for untargeted Ycam2 in this region, see above), but indistinguishable from [Ca 2+ ] gd for deep granules (R 535/480 = 1.69 ± 0.03, n = 10 granules; p = 0.11 compared with untargeted Ycam2 in the bulk cytosol, see above). For granules within the single PC12 cell analysed in Figure 3b , resting R 535/480 values for peripheral and deep granules were 1.57 ± 0.004 (n = 7 granules) and 1.59 ± 0.02 (n = 7), respectively. Stimulation with ATP provoked a significantly greater increase in the R 535/480 for peripheral granules (6.79 ± 0.46%) than for deep granules (2.46 ± 0.96%; p = 0.0031).
MIN6 pancreatic β cells provide a model in which Ca 2+ influx can be achieved with little mobilisation of intracellular Ca 2+ [7] . [Ca 2+ ] c could be readily imaged after expression of untargeted Ycam2 in these cells (Figure 4a ). In individual resting MIN6 cells expressing untargeted Ycam2, R 535/480 values were not significantly different when viewed over the whole surface of the cell (1.61 ± 0.03, n = 4 cells) or in the region lying ~1 µm beneath the plasma membrane (1.58 ± 0.05, n = 4). Plasma membrane depolarisation with K + [7] , and activated Ca 2+ influx, did not result in any preferential increase in sub-plasma membrane domain [ To confirm that the above differences did not represent altered properties (that is, modified K d values or maximal R 535/480 responses) when Ycam2 is targeted to peripheral or to deep granules, or when free in the cytosol, we determined the effect of a gradual and relatively homogeneous increase in [Ca 2+ ] c provoked by mobilisation of intracellular Ca 2+ (Figure 4d ). Application of thapsigargin to block the sarcoplasmic/endoplasmic reticulum Ca 2+ -ATPase [8] caused essentially identical increases in R 535/480 values for peripheral and deep granules in MIN6 cells (increases were 3.6 ± 0.4% and 3.3 ± 0.6%, respectively; n = 10 granules, three separate cells; corresponding values for untargeted Ycam2 were 2.2 ± 0.6% and 2.4 ± 0.7%, n = 2 cells). After exposure to 10 µM ionomycin, R 535/480 values were increased by 11.04 ± 1.31% and 10.7 ± 2.9% for peripheral and deep granules, respectively (n = 12 granules, two separate MIN6 cells). In PC12 cells, ionomycin increased R 535/480 values for peripheral and deep granules by 10.6 ± 1.4% (n = 15 granules, two cells) and 10.0 ± 1.2% (n = 17 granules, two cells), respectively, compared with corresponding values for untargeted Ycam2 of 14.6 ± 1.8% and 10.9 ± 0.7% (n = 3 cells, not significant compared with targeted Ycam2). for deep vesicles. This observation may reflect the direct association of docked vesicles with Ca 2+ influx channels [9] ; Ca 2+ -induced Ca 2+ release (CICR) from peripherally located endoplasmic reticulum [10] ; and CICR from the vesicle interior [11, 12] .
Our new observations refine our previous measurements made with a phogrin-aequorin chimaera [7] . By imaging individual vesicles, it is now apparent that a minority (5-10% of the total cellular content) of vesicles, located close to the plasma membrane, can experience elevated of phogrin [14] and of GFP [15] ), which is the distance of a few solvated ionic radii of Ca 2+ . Phogrin-Ycam2 thus provides a distinct advantage over (non-specifically) membrane-targeted dyes such as fura-C18 (a lipophilic derivative of fura-2) [16] . Furthermore, the ability to image [Ca 2+ ] with this and other targeted cameleons should allow these tools to become the system of choice for imaging [Ca 2+ ] changes at the intact tissue and organ level though transgenesis and multi-photon imaging [17] .
Supplementary material
Additional methodological details are available at http://currentbiology.com/supmat/supmatin.htm. 
